The purpose of this study was to evaluate the effects of sample handling, storage, and culture techniques on the isolation of Pythium insidiosum from infected equine tissues. Tissue and kunker samples obtained immediately posteuthanasia from a horse with subcutaneous pythiosis were used to assess the effects of sample type (kunkers vs. tissues), media type (selective vs. nonselective), storage technique, and storage time on P. insidiosum isolation rate. Overall, isolation rates were higher from fresh kunkers (94.6%) and stored kunkers (76.4%) than from fresh tissues (8.3%) or stored tissues (4.6%). Isolation of P. insidiosum also occurred more often on antibiotic-containing media than on nonselective media for both fresh and stored samples. For samples that were stored for 1-3 days prior to culture, P. insidiosum isolation rates were highest for the following techniques: kunkers stored at room temperature and plated on selective media (100%), kunkers stored at 4 C and then plated on either nonselective (91.7%) or selective (95.8%) media, kunkers stored on cold packs and then plated on either nonselective (93.8%) or selective (100%) media, kunkers stored in ampicillin solution and plated on selective media (100%), and kunkers stored in ampicillin/gentocin solution and plated on selective media (87.5%). For samples stored for 4-5 days, P. insidiosum isolation rates were highest for kunkers stored at 4 C and then plated on either nonselective (81.3%) or selective (87.5%) media, kunkers stored in ampicillin solution and then plated on selective media (87.5%), and kunkers stored in ampicillin/gentocin solution and plated on selective media (87.5%). Results of this study suggest that optimal isolation rates of P. insidiosum from infected equine tissues are achieved by culturing fresh kunkers on selective media. For samples that cannot be processed immediately, acceptable handling techniques include storage at room temperature for up to 3 days, refrigeration for up to 5 days, shipping on cold packs, and storage in antibiotic solution, each combined with subsequent inoculation on selective media.
Pythiosis is a life-threatening disease of animals and people that live in tropical and subtropical climates. In the US, it is encountered most often in the Gulf Coast states but has also been described in animals living as far north as Kentucky, Missouri, North Carolina, and southern Indiana. 11, 24 Pythiosis is caused by the aquatic pathogen Pythium insidiosum, which is a member of the class Oomycetes in the kingdom Stramenopila (Chromista). 25 The clinical syndrome associated with pythiosis has been recognized in horses for more than a century, and during that time has been variably referred to as kunkers, Florida horse leeches, bursattii, and swamp cancer. More recently, pythiosis has also been identified as a cause of subcutaneous 12 and gastrointestinal 30 lesions in dogs as well as subcutaneous lesions in cats, 37 cattle, 32 and people. 38 In horses, pythiosis most often affects the skin and subcutaneous tissues, usually on the distal limbs or ventral abdomen. It produces ulcerative, proliferative, and exudative granulomas that contain characteristic coral-like kunkers, which are accumulations of hyphae and necrotic inflammatory cells. 31 Other diseases that can cause similar cutaneous lesions in horses include cutaneous habronemiasis, excessive granulation tissue, bacterial granulomas, sarcoid, squamous cell carcinoma, and zygomycosis. Although histologic evaluation of tissue biopsies usually allows differentiation of pythiosis from the first 5 differential diagnoses listed, histologic findings alone do not differentiate pythiosis from infections caused by zygomycete fungi in the genera Conidiobolus and Basidiobolus. This differentiation is important because the zygomycetes, as true fungi, may be more likely than P. insidiosum to respond to antifungal therapy. Therefore, isolation of the causative agent from infected tissues and its identification as P. insidiosum is an important diagnostic tool.
Unfortunately, definitive culture-based diagnoses of pythiosis are uncommonly made. Because the gross lesions associated with pythiosis are easily confused with those caused by neoplasia or bacterial infection, veterinarians may overlook the possibility of pythiosis and fail to submit samples for fungal/oomycete culture. If tissues are submitted for culture, sample handling techniques that are appropriate for fungal-infected tissues may not be conducive to preservation of oomycete viability. In addition, many diagnostic laboratories are unfamiliar with culture techniques for oomycetes, and rapid bacterial growth from specimens with secondary bacterial infection often prevents the isolation of P. insidiosum.
Recommendations for shipping, storing, and culturing samples obtained from animals with suspected pythiosis are common in the veterinary medical literature; however, data to support these recommendations is notably lacking. Many authors have suggested that, in contrast with recommendations commonly made for the storage of specimens to be cultured for pathogenic fungi, refrigeration or freezing of tissues prior to attempted isolation of P. insidiosum should be avoided. 1, 5, 25, 33, 36 However, most of these authors reference an earlier case report 4 in which this suggestion is made but not supported by either data or referenced material.
Other recommendations that have been made regarding sample handling have centered on decreasing bacterial contamination. Because secondary bacterial infection is common in animals with cutaneous pythiosis, overgrowth of bacterial contaminants is cited as a common reason for failure to isolate P. insidiosum from infected tissues. Therefore, rinsing infected tissues or kunkers in sterile saline, 1, 25 rinsing them in a dilute quaternary ammonium disinfectant a solution, or incubating them in a 100-g/ml ampicillin solution 5, 33, 36 have all been suggested as possible methods to decrease the growth of bacterial contaminants.
The use of selective media has long been a standard technique for the isolation of plant pathogenic oomycetes (such as Pythium and Phytophthora spp.) from soil and infected crop roots, 8, 20, 21, 23, 39 and fish pathogenic oomycetes (such as Saprolegnia spp.) from water samples. 42 Because successful isolation of oomycetes necessitates inhibition of both bacterial and fungal contaminants, the selective media used for this purpose often contains both antibacterial agents (such as streptomycin or vancomycin) and drugs such as pimaricin (a polyene antifungal) that inhibit the growth of septate fungi.
In the course of processing veterinary samples submitted for culture of P. insidiosum, these authors noted that isolation of the pathogen from samples shipped on cold packs over a 2-3-day period was often more successful than from samples shipped over a similar period of time at room temperature (which typically arrived with significantly more bacterial overgrowth). In addition, it was noted that the use of antibiotic-containing media decreased the growth of bacterial contaminants from these samples and seemed to increase the likelihood of P. insidiosum isolation. In order to more fully investigate these observations, a prospective evaluation of sample handling and culture techniques for the isolation of P. insidiosum from infected veterinary samples was designed and completed.
Materials and methods
Tissue and kunker samples. Tissue and kunker samples were obtained from a 6-yr-old Quarterhorse mare with a 40ϫ 25-cm ulcerated exudative cutaneous/subcutaneous mass on the ventral abdomen. A presumptive diagnosis of subcutaneous pythiosis with secondary bacterial infection had been made on the basis of supportive histologic findings (pyogranulomatous and eosinophilic inflammation associated with broad, thick-walled, rarely septate hyphae) in conjunction with serum reactivity to antigens of Pythium insidiosum in a Western immunoblot analysis. 27 Because of the extensive nature of the lesion, the owners elected not to pursue therapy and the horse was euthanized. Immediately following euthanasia, the ventral mass was removed and tissue and kunker samples (approximately 4 mm 3 each) were excised for use in this study. Tissue samples were excised from the subcutaneous portion of the lesion (dermis was not included), and an attempt was made to mimic clinical biopsy specimens as much as possible. All samples were either plated (for fresh samples) or stored (for stored samples) within 6 hr of collection.
Isolation techniques. The following techniques for isolation of P. insidiosum from fresh samples were evaluated: isolation from untreated tissues and kunkers, isolation from tissues and kunkers that had been rinsed in sterile saline and dried with a sterile gauze sponge, and isolation from tissues and kunkers that had been soaked in a dilute (1:500) quaternary ammonium disinfectant a solution for 15 min and then rinsed in sterile saline and dried with a sterile gauze sponge. For each technique, tissues and kunkers were plated (by placing the sample directly on the agar) in quadruplicate on 5 types of nonselective media, including vegetable extract (VE) agar, 29 peptone-yeast-glucose (PYG) agar, 22 2% water agar, potato flakes agar, 35 and Sabouraud/dextrose agar, b as well as on 9 types of selective media, which included a blood agar-based medium c for the isolation of Campylobacter spp., and 4 different formulations of VE and PYG agar containing various antimicrobial agents ( Table 1 ). All plates were incubated at 37 C.
The following techniques for storage of tissues prior to attempted isolation of P. insidiosum were evaluated: storage at room temperature for 1, 2, and 3 days; storage at 4 C for 1, 2, 3, 4, 5, and 12 days; storage in a styrofoam shipping container with cold packs for 1 and 2 days; storage at Ϫ20 C for 12 days; storage in ampicillin d solution (100 g/ml in sterile saline) at room temperature for 2, 3, and 4 days; and storage in ampicillin (100 g/ml) and gentamicin e (50 g/ ml) saline solution at room temperature for 2, 3, and 4 days. For all techniques except antibiotic solutions, samples were stored in a saline-moistened gauze sponge. Following storage, samples were plated in quadruplicate (4 samples for each media type) on VE agar, PYG agar, VE agar supplemented with streptomycin and ampicillin (VE-SA), and PYG agar supplemented with streptomycin and ampicillin (PYG-SA) and incubated at 37 C.
All plates were examined daily for 3 days after inoculation, and the presence or absence of P. insidiosum growth as well as contaminant bacterial and fungal growth were recorded for each sample. Bacterial colonies were subcul- tured onto blood agar for subsequent identification. Colonies of P. insidiosum were initially identified as such on the basis of morphologic characteristics. 10 This identification was later confirmed for a representative isolate by the production of laterally biflagellate motile zoospores 10, 28 and successful PCR amplification with P. insidiosum-specific primers. 15 Bacteria were identified on the basis of colony morphology, Gramstain characteristics, growth on selective media, and metabolic tests. f Data analysis. Data were summarized as the number of samples (out of 4 replicates) that showed P. insidiosum and/ or bacterial growth at 48 hr after inoculation. Isolation rates for P. insidiosum and bacteria for different media types, fresh-sample treatment techniques, and storage techniques and times were compared using a chi-square analysis or Fisher's exact test, where appropriate, with a value of P Ͻ 0.05 considered significant. When a significant difference between multiple groups was detected by chi-square analysis, the difference was isolated by repeating the chi-square analysis on a subdivided contingency table using the Bonferroni inequality adjustment. 14 Because shipping samples to a diagnostic laboratory typically takes 1-3 days, in making comparisons, we chose to group data for storage times as follows: storage for 1-3 days, storage for 4-5 days, and storage for 12 days.
Results
The percentage of fresh and stored samples from which P. insidiosum and/or bacterial contaminants were isolated are listed in Tables 2 and 3 , respectively. Although all 14 types of media tested appeared to be adequate for isolation of P. insidiosum, growth was subjectively judged to be quicker and heavier on the VE media formulations. Overall, isolation of P. insidiosum was more successful (P Ͻ 0.001) from fresh kunkers (94.6%) than from fresh tissues (8.3%). Similarly, isolation of P. insidiosum was more successful (P Ͻ 0.001) from stored kunkers (76.4%) than from stored tissues (4.6%). Based on the low rates of P. insidiosum isolation from either fresh or stored tissues, it was suspected that the tissue samples were an inconsistent source of Pythium hyphae in comparison with kunkers. This suspicion was supported by subsequent histologic evaluation of representative tissue samples, which showed that the presence of Pythium hyphae in tissues was sparse and inconsistent. Therefore, in the comparative evaluation of different culture and storage techniques for the isolation of P. insidiosum, only the kunker data was considered.
Fresh samples. Isolation of P. insidiosum from fresh kunkers occurred more often (P ϭ 0.002) on antibiotic-containing media (99.1%) than on nonselective media (86.7%). However, there was no difference in the rate of P. insidiosum isolation among untreated, saline-rinsed, and disinfectant-rinsed samples (P ϭ 1.0). Rates of Pythium isolation from fresh kunkers were higher (P ϭ 0.04) on plates without concomitant bacterial growth (97.6%) than on plates with bacterial growth (88.4%).
The most common bacteria isolated from fresh tis- sues and kunkers were Escherichia coli, Staphylococcus capitis, Staphylococcus aureus, Staphylococcus epidermidis, and Corynebacterium sp. As expected, plating on antibiotic-containing media (P Ͻ 0.001) and rinsing samples with dilute quaternary ammonium disinfectant (P Ͻ 0.001) were each associated with a significant decrease in the growth of bacterial contaminants, and no bacterial growth was noted for tissues or kunkers that were both rinsed in disinfectant solution and plated on selective media. Growth of fungal contaminants was uncommon (10.1% of all fresh samples), tended to occur after at least 48 hours of incubation, and occurred more often from tissues than from kunkers (P Ͻ 0.001). The difference in rates of fungal contaminant growth between selective media that contained pimaricin (4.3%) and selective media that did not contain pimaricin (18.3%) was not statistically significant (P ϭ 0.07). There was no difference detected (P ϭ 0.50) in rates of P. insidiosum isolation between fresh kunkers plated on pimaricin-containing media (95.8%) and those plated on selective media that did not contain pimaricin (100%).
Stored samples. When data for kunkers that had been stored for 1-3 days were evaluated, rates of P. insidiosum isolation were highest (P Ͻ 0.002) for the following methods: kunkers stored untreated at room temperature and plated on selective media (100%), kunkers stored at 4 C and then plated on either nonselective (91.7%) or selective (95.8%) media, kunkers stored on cold packs and then plated on either nonselective (93.8%) or selective (100%) media, kunkers stored in ampicillin solution and plated on selective media (100%), and kunkers stored in ampicillin/gentamicin solution and plated on selective media (87.5%). Rates of P. insidiosum isolation were lowest for kunkers plated on nonselective media after storage untreated at room temperature (50%), in ampicillin solution (62.5%), or in ampicillin/gentamicin solution (68.8%). Although daily growth rates were not measured, growth of P. insidiosum from kunkers that had been stored either at 4 C or on cold packs appeared subjectively to be slower for the first 24-48 hours than growth from comparable fresh samples.
For kunkers that had been stored for 4-5 days, rates of P. insidiosum isolation were highest (P ϭ 0.02) for the following methods: kunkers stored at 4 C and then plated on either nonselective (81.3%) or selective (87.5%) media, kunkers stored in ampicillin solution and then plated on selective media (87.5%), and kunkers stored in ampicillin/gentamicin solution and plated on selective media (87.5%). Isolation rates from kunkers that had been stored at 4 C for 12 days were significantly lower (37.5%, P Ͻ 0.001) than for kunkers that had been stored at 4 C for 4-5 days. Pythium was not isolated from any samples that had been stored at Ϫ20 C. Overall, rates of P. insidiosum isolation from stored kunkers were higher (P Ͻ 0.01) on plates without concomitant bacterial growth (85.8%) than on plates with bacterial growth (68.5%).
The proportion of stored tissue and kunker samples with bacterial growth was significantly lower (P Ͻ 0.002) for the following techniques than for the other 1-3-day storage techniques: samples stored at 4 C for 1-3 days and then plated on selective media (bacterial growth in 6.3%), samples stored with cold packs in a shipping container for 1-2 days and then plated on selective media (bacterial growth in 9.4%), samples stored in an ampicillin solution for 2-3 days and then plated on selective media (bacterial growth in 25%), and samples stored in ampicillin/gentamicin solution for 2-3 days and then plated on selective media (bacterial growth in 12.5%). For tissues and kunkers stored longer than 3 days, bacterial growth rates were lowest (P Ͻ 0.002) for samples stored at 4 C for 4-5 days and then plated on selective media (bacterial growth in 9.4%) and for samples stored for 4 days in ampicillin/gentamicin solution and then plated on selective media (no bacterial growth). When stored samples were plated on nonselective media, the percentage of plates with bacterial growth was high (68-100%) regardless of the storage technique or length of storage.
Discussion
Although many veterinary practitioners in the southeastern US recognize the gross lesions characteristic of pythiosis without difficulty, the definitive diagnosis of this disease has traditionally been problematic. This is due in part to the fact that culture-based diagnoses are uncommonly made. Immunohistochemical staining of tissue samples using polyclonal antibodies raised against mycelial or culture filtrate antigens of P. insidiosum has often been used in the past as a confirmatory test for pythiosis and has the advantage of being applicable to archival specimens. 3, 11, 18, 34 However, at least 1 of these antibodies has demonstrated crossreactive staining for Conidiobolus sp., 19 suggesting that the specificity of previously developed antibodies may be inadequate for the differentiation of pythiosis from zygomycosis. The recent development of highly sensitive and specific serologic tests for the identification of P. insidiosum-infected animals will certainly improve the ability of veterinarians to differentiate pythiosis from other disorders that cause similar clinical and histologic findings. 16, 26 However, isolation of the pathogen from infected tissues will always remain a gold standard for accurate diagnosis. In addition to providing the most specific means of diagnosis, culture is essential for the potential identification and characterization of previously unrecognized oomycete pathogens, as demonstrated by the recent identification of an oomycotic canine pathogen in the genus Lagenidium (Grooters AM, Hodgin EC, Baver RW, et al.: 2000, Lagenidium sp. infection in six dogs with subcutaneous and systemic disease: initial description of an emerging oomycosis. Presented at: Focus on Fungal Infections 10; Atlanta, GA).
Results of this study suggest that isolation of P. insidiosum from infected tissues is not difficult when appropriate sample handling and culture techniques are employed. For isolation of the pathogen from equine specimens, kunkers appear to be far superior to tissues as a source of inoculum. This is not surprising given the fact that horses often produce large amounts of granulation and fibrous tissue in response to the infection and that, histologically, hyphae are usually concentrated within kunkers or coagula, which may be sparsely scattered within larger areas of connective tissue. 31 Although canine tissues were not evaluated in this study, the previous experience of these authors (as well as that of other investigators) 12, 30 suggests that isolation rates of P. insidiosum from infected canine tissues are much higher than those found here for equine tissues. This may be related to the fact that hyphae are often distributed more diffusely throughout infected tissues in dogs with cutaneous or gastrointestinal pythiosis. 12, 30 All of the media types evaluated in this study appeared to adequately support the growth of P. insidiosum. For fresh samples, the use of antibiotic-containing media significantly increased the likelihood of P. insidiosum isolation. This was likely due to decreased growth of bacterial contaminants, a concept that is supported by the fact that, for both fresh and stored kunkers, isolation of P. insidiosum occurred more often on plates without bacterial growth. Selective media have been widely used for the isolation of plant pathogenic Pythium species from soil and infected plant roots, 20,21 so it is not unexpected that similar techniques would enhance the ability to isolate P. insidiosum from samples in which bacterial contaminants are prevalent. In addition, for stored samples, the highest rates of P. insidiosum isolation were achieved when stored samples were plated on selective media and/or when techniques that minimized bacterial growth during storage (refrigeration, shipping on ice packs, storage in antibiotic-containing solutions) were utilized.
The high rates of P. insidiosum isolation from kunk-ers that had been refrigerated for up to 5 days was a somewhat unexpected finding in light of the number of previous statements to the contrary in the veterinary literature. 1, 4, 5, 25, 33, 36 It should be noted that the initial growth rate of P. insidiosum from samples that had been refrigerated was subjectively judged to be slower than from those that were freshly plated. However, the concomitant control of bacterial growth by refrigeration in these samples seemed to be a more important factor than the initial growth rate of P. insidiosum in determining whether or not isolation of the pathogen was ultimately successful. Because canine tissues were not evaluated in this study, conclusions cannot be drawn regarding the appropriateness of refrigeration for storage of Pythium-infected canine tissues. However, the results with equine kunkers reported here suggest that the effect of refrigerated storage on isolation of P. insidiosum from infected canine tissues should be further investigated.
In addition to utilizing sample handling and culture techniques that maximize the likelihood of P. insidiosum isolation, successful culture-based diagnosis of pythiosis is also dependent on subsequent identification of the pathogen. Definitive morphologic identification of most Pythium species is based on appearance and size of sexual reproductive structures, such as oogonia and antheridia. 40 Unfortunately, these structures are rarely produced by P. insidiosum isolates. 6, 10, 25 For this reason, isolates of P. insidiosum have traditionally been identified as such on the basis of morphologic hyphal characteristics (broad, hyaline, rarely septate hyphae that are 4-10 m in diameter and branch at right angles), growth at 37 C, and production of motile biflagellate zoospores (asexual reproductive structures) in water cultures in association with plant material. 1, 6, 28, 41 However, although the production of biflagellate zoospores is helpful in identifying isolates as oomycetes in the order Peronosporales, this characteristic is shared by other Pythium species 13, 17 as well as by members of the genera Phytophthora 7 and Lagenidium 2,9 and thus is not specific for P. insidiosum. 1 Because of the difficulties associated with the identification of P. insidiosum based on morphologic features alone, supplemental techniques based on antigenic and molecular characteristics have been developed. An exoantigen test (utilizing polyclonal serum raised against secreted antigens of P. insidiosum) has been previously used to help confirm the identity of isolates that have morphologic features consistent with P. insidiosum. 1 However, although this test has been performed in the past by the Centers for Disease Control and Prevention (Atlanta, GA) for publishable cases, its availability in recent years has been limited. A recently described nested polymerase chain reaction (PCR) assay based on amplification of a portion of the internal transcribed spacer region of the ribosomal RNA gene has been shown to be highly specific for the identification of cultured isolates as P. insidiosum. 15 Because of this high specificity (allowing differentiation of P. insidiosum from other Pythium species as well as from other pathogenic oomycetes and zygomycetes), the nested PCR assay offers a powerful alternative (or supplement) to the use of morphologic features for the accurate identification of P. insidiosum and will likely allow greater accuracy in the identification of pathogenic oomycetes in the future.
In conclusion, based on the results of this study, isolation of P. insidiosum from equine specimens is highly successful if kunkers stored at either room temperature, 4 C, or in antibiotic solution are plated on selective media (such as VE agar containing streptomycin and ampicillin) within 72 hours of collection. To minimize proliferation of bacterial contaminants (which may negatively affect P. insidiosum isolation rates), samples should be processed within 24 hours of collection whenever possible. However, if necessary, kunkers can be stored for up to 5 days either refrigerated or in antibiotic solution without significantly compromising P. insidiosum isolation rates as long as they are subsequently plated on selective media.
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